Purpose To investigate differences in prostate cancer incidence between two distinct Swiss regions from 1996 to 2013 stratified by age group, grade, and T-stage. Methods The dataset included 17,495 men living in Zurich and 3,505 men living in Ticino, diagnosed with prostate cancer between 1996 and 2013. We computed age-standardized incidence rates per 100,000 person-years using the European Standard Population. Trends were assessed using JoinPoint regression analysis Software. Results Age-standardized incidence rates were generally higher in Zurich compared to Ticino but the difference decreased over time. Incidence rates increased significantly up to 2002 in Zurich and 2007 in Ticino and then decreased. A statistically significant increase was observed for men aged < 65 years, for grade 3 tumors, and for T-stage 2 and 3 tumors. The largest decrease was seen for grade 1 tumors. Furthermore, the incidence of tumors of unknown grade or T-stage decreased significantly in both regions. Conclusions The trends in prostate cancer incidence rates were similar in both regions, although on a higher level in Zurich compared to Ticino. However, the difference decreased over time. The distribution of T-stage and grade did not explain the difference in incidence rates. Different use of opportunistic screening may play a role.
Introduction
As in many Western countries, prostate cancer is the most common cancer among men in Switzerland [1] . However, differences in prostate cancer incidence and mortality have been observed between the German-speaking and the Italian-speaking part of Switzerland [2, 3] : Age-standardized incidence rates were 124/100,000 person-years in the German-speaking and 96/100,000 person-years in the Italian-speaking part between 2009 and 2013, age-standardized mortality rates were 24/100,000 person-years in the German-speaking and 18/100,000 person-years in the Italian-speaking part during the same time period [4] . The reasons for these differences are unclear. Cross-sectional data from the Swiss Health Surveys propose some differences in lifestyle habits potentially associated with risk of prostate cancer between men living in the German-speaking and the Italian-speaking part [5] . For example, living in the Italian region was associated with "risk-reducing" diet, such as lower consumption of dairy products and meat and high Andrea Bordoni and Sabine Rohrmann-shared last authors Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10552-017-0993-9) contains supplementary material, which is available to authorized users. fish consumption [5] . However, other potentially protective behaviors were more common in the German-speaking part (e.g., physical activity, vegetable consumption, low alcohol consumption) [5] .
There is no organized prostate cancer screening program in Switzerland, but opportunistic screening is frequent and often recommended to men aged 50 years and older by their physicians or urologists [6] . Differences in screening practices may also explain some of the differences in prostate cancer incidence observed in Zurich and Ticino. To further address these differences, we examined incidence trends from 1996 to 2013 by age group, grade, and T-stage using data from the cantonal cancer registries of Zurich (Germanspeaking part) and Ticino (Italian-speaking part).
Methods

Data
The collection of cancer registry data is not yet mandatory in Switzerland, however, several regions have set up cantonal cancer registries starting in the 1970s. The cancer registry of the cantons of Zurich and Zug is the largest Swiss registry covering a population of roughly 1.6 million inhabitants. The registry for Zurich was established in 1980, the one for Zug in 2011. The cancer registry of the canton of Ticino was established in 1996 and covers a population of about 350,000 inhabitants. To be included in a canton's cancer registry a patient has to live in the respective canton, even if they are treated in another canton. In order to be comparable, incidence data from 1996 to 2013 were included for both cantons.
The dataset includes data on date of diagnosis, basis of diagnosis (death certificate only (DCO), clinical, clinical investigation, specific tumor markers, cytology, histology of metastasis, histology of primary tumor, unknown), age at diagnosis, tumor grade, as well as T-stage.
The dataset for the canton of Zurich included 17,535 men who were diagnosed with prostate cancer (C61.9 ICD-O, 3rd edition) between 1996 and 2013 and lived in the canton of Zurich. Patients with unknown basis of diagnosis (n = 2), or with a histology of metastasis as basis of diagnosis (n = 38) were excluded, resulting in a final dataset of 17,495 men. The dataset for the canton of Ticino included 3,536 men who were diagnosed with prostate cancer between 1996 and 2013 and lived in the canton of Ticino. Patients with unknown basis of diagnosis (n = 1) and with a histology of metastasis as basis of diagnosis (n = 30) were excluded, resulting in a final dataset of 3,505 men.
For Zurich, the percentage of death certificate only cases (DCO) was 2.3% for the period 1996-2013 and the percentage of morphologically verified cases (MV) 93.0%. For Ticino, the percentage of DCO cases was 1.5% and the percentage of MV cases 91.1%.
Statistical analyses
Age-standardized incidence rates per 100,000 person-years were computed using the 1976 European Standard Population [7] and mid-year population estimates. For age-stratified analyses, we used three age groups: < 65, 65-74, and ≥ 75 years. Because the corresponding Gleason Score (GS) is often missing in our data, we used tumor grade instead of GS. Grade was defined as grade 1 (well-differentiated), grade 2 (moderately differentiated), grade 3 (poorly differentiated), and unknown grade. T-stage (based on TNM) was stratified as T-stage 1, T-stage 2, T-stage 3, T-stage 4, and unknown T-stage. We chose pathological T-stage if available, otherwise clinical T-stage. StataSE 14 (Stata Corporation, College Station, TX, USA) was used to prepare the incidence files by calendar year and age group/grade/T-stage.
Incidence time trends were assessed using joinpoint regression analysis (JoinPoint Trend Analysis Software Version 4.3.1.0, April 2016; US National Cancer Institute, Division of Cancer Control & Population Sciences, Surveillance Research Program). This method is used to determine the number of joinpoints that are adequate for assessing significant changes in incidence trends over time. The analysis starts with 0 joinpoints (corresponding to a straight regression line) and tests whether one or more joinpoints are significant. The Grid Search Method and the Monte Carlo permutation method with 4,499 replicates and a significance level of 0.05 were used [8] . We defined the maximum number of joinpoints as three, the minimum number of observations from a joinpoint to either end of the data as three, and the minimum number of observations between two joinpoints as six (including any joinpoint that falls on an observation) [8] . The dependent variable was the age-standardized incidence rate, the independent variable was calendar year, and age category/grade/T-stage were defined as by-variables. Model estimates included the number of joinpoints as well as the slopes and intercepts for each regression line between two joinpoints, in addition to the annual percentage change (APC) for each identified trend. Furthermore, the program provides average annual percentage changes (AAPC), a summary measure over the whole period of observations (1996-2013). Log-transformation was used because of nonnormality of the data. The AAPC are presented with 95% confidence intervals (95% CI). A joinpoint model was fit for overall prostate cancer incidence, then separate models were fit for subgroups by age, grade, and T-stage.
Results
We included 17,495 and 3,505 prostate cancer cases for the cantons of Zurich and Ticino, respectively (Table 1) . Grade was unknown for 10.6% of the included cancer cases in Zurich and for 13.3% in Ticino; for T-stage percentages "unknown" were 28.5% for Zurich and 27.7% for Ticino. Figure 1 shows the age-standardized incidence rates between 1996 and 2013 for Zurich and Ticino. The numbers and crude, age-standardized and age-stratified incidence rates are shown in Electronic Supplementary Material Table 1 . In 1996, age-standardized incidence rates were almost 40% lower in Ticino compared to Zurich (76.9/100,000 vs. 122.8/100,000) and thus, the increase observed in both cantons started on a much lower level in Ticino. According to joinpoint regression analysis, the age-standardized incidence rate increased between 1996 and 2002 in Zurich (APC = 3.1, 95% CI 1.4, 5.0) and between 1996 and 2007 in Ticino (APC = 6.0, 95% CI 3.3, 8.8), indicating that the increase was steeper and lasted 5 years longer in Ticino. Consequently, the incidence rates in the two cantons were on a similar level in 2007 (129.8/100,000 in Ticino vs. 136.1/100,000 in Zurich). In Zurich, the incidence rate started to decrease in 2002 (APC = − 1.3, 95% CI − 2.3, − 0.3) with a more pronounced decrease starting in 2011 (APC = − 10.5, 95% CI − 18.8, − 1.2). In Ticino, the agestandardized incidence rate started to decrease in 2007 (APC = − 5.2, 95% CI − 10.1, − 0.1). In 2013, the agestandardized incidence rate was about 20% lower in Ticino compared to Zurich (82.6/100,000 vs. 105.1/100,000). The detailed results from the joinpoint analyses, also stratified by age group, grade, and T-stage, are displayed in Electronic Supplementary Material Table 2 . Table 2 displays the AAPC for the separate joinpoint models according to canton, age group, grade, and T-stage. A significant overall increase was seen in the youngest age group (< 65 years) in both cantons and in the intermediate age group (65-74 years) in Ticino only, and a significant decrease in the oldest age group (≥ 75 years) in Zurich only (Fig. 2 ). Both tumors with unknown grade and with unknown T-stage decreased significantly in Zurich and Ticino between 1996 and 2013. The most pronounced overall decrease was observed for grade 1 tumors in both cantons (Fig. 3) , and this decrease was especially pronounced after 2003 (Zurich) and 2002 (Ticino, Electronic Supplementary Material Table 2 ). AAPC were also negative for grade 2 tumors, although only significant for Zurich and mainly driven by a steep decrease starting in 2007. Grade 3 tumors increased significantly, however, in Ticino the increase in these tumors was interrupted in 2007 followed by a (non-significant) decrease. We observed significant overall increases for T-stage 1, 2, and 3 tumors in both cantons with most pronounced increases for T-stage 1 tumors. To some extent, the increase in T-stages 1-3 tumors was driven by the decrease in the proportion of unknown T-stage tumors. A decrease was observed in T-stage 4 tumors (Fig. 4) , although only significant for Ticino.
When stratifying the analyses by age group and grade/ T-stage simultaneously (data not shown), a significant decrease in grade 1 tumors with AAPC of about 20% in Zurich and 15% in Ticino was present in all three age groups. Grade 2 tumors decreased in both cantons mainly in the older age groups with no significant change in AAPC for men < 65 years of age. The overall observed increase in grade 3 tumors was present in all three age groups and both cantons with larger AAPC in the two younger age groups. There was a tendency towards decrease in unknown grade tumors in all age groups and both cantons, although mostly not statistically significant.
A significant increase in T-stage 1 tumors was observed in all age groups and both cantons with highest AAPC of around 17% in the youngest age group in both Zurich and Ticino (data not shown). Similarly, T-stage 2 tumors increased in all age groups and both cantons, but the AAPC were in a smaller range and not significant for those ≥ 75 years in Zurich. A significant increase in T-stage 3 tumors was present in all age groups in Zurich, but in Ticino, a significant increase was only seen in the youngest age group. A significant decrease in T-stage 4 tumors was present in the youngest age group in Zurich and the intermediate age group in Ticino with no significant AAPC in the other age groups. Finally, the decrease in tumors of unknown T-stage was significant in all age groups except in the youngest age group in Ticino. The AAPC tended to be higher in Zurich compared to Ticino.
Discussion
In 1996, the incidence of prostate cancer was higher in Zurich (German-speaking part) compared to Ticino (Italianspeaking part), but at the end of observation in 2013, the difference between the two cantons was smaller. One explanation for the larger difference in 1996 may be that the cancer registry in Zurich started in 1980, while for the cancer registry in Ticino 1996 was the first year of data registration, and under-reporting is typically observed right after the start of a Cancer Registry [9] . Despite the different starting levels, our analyses showed an overall similar time trend in both cantons with an increase in the early phase of the observed period and a decrease in the later phase. The increase in Ticino was steeper and went on until 2007, while in Zurich the trend from an increasing to a decreasing pattern occurred in 2002. The stratified analyses by age group, grade, and T-stage did not reveal systematic differences between the two cantons, except for a different T-stage distribution with a higher proportion of T-stage 1 cancer cases in Zurich than in Ticino. This may reflect different opportunistic screening patterns. Another explanation for the observed stage migration with an increase in smaller tumors and a decrease in larger tumors may be a change in the number of prostate biopsies with extended pattern prostate biopsy templates resulting in the detection of smaller volume tumors [10] . In both cantons, incidence rates increased in the youngest age group, which may also be related to screening with prostate cancers being detected earlier in life. Besides screening, a difference in lifestyle factors associated with prostate cancer may partly explain the lower incidence rates in Ticino. There is evidence for a protective effect of low dairy product and meat consumption, and high fish, vegetable, and fruit consumption on the risk of prostate cancer [11, 12] . Furthermore, there seems to be a small inverse association between physical activity and prostate cancer risk [13] . Men living in the Italian-speaking part had a lower consumption of dairy products and meat and a higher fish consumption compared to men living in the German-speaking part [5] , which may partly explain the lower incidence rates in Ticino. However, physical activity was higher in the German-speaking part [5] .
Comparison with other studies
In a large evaluation of 43 populations worldwide [14] , which also included data from the Swiss registries of Geneva and St. Gall-Appenzell, a moderate increase in prostate cancer incidence in these two Swiss registries between the 1980s and 2000 was observed, which was followed by a plateau. This was mostly similar across age groups, with the exception of a decrease in incidence rates in men ≥ 75 years of age starting at the end of the 1990s, whereas an increase was still observed in men 45-54 years old that started in the mid-1990s. In the 1990s, the increase in incidence was strongest in men 55-64 years old (APC 11.4%). This pattern was similar in another publication, which only included data from the Geneva cancer registry [15] . A more recent study on temporal patterns of prostate cancer incidence and mortality in 36 countries showed an increase in the incidence of prostate cancer in Switzerland between 1998 and 2007 [16] , which is in line with our results. Comparing our data from the German-speaking part (Zurich) with data from Germany, which is similar regarding language and culture, a study based on data form the Cancer Registry Schleswig-Holstein reported an incidence rate of 106.1/100,000 in 1999-2005 [17] . Similar to the and decreased thereafter [17] . About 64% were grade 2 and 27% grade 3 tumors [17] compared to 43 and 37% in Zurich, respectively. In a German study covering 12 cancer registries (33% of the German population), a decrease in incidence rate between 1999 and 2010 similar to our results was observed in men aged ≥ 75 years [18] . However, the largest increase in the German study was reported for men aged 65-74 years [18] while we observed no significant change Fig. 4 Age-standardized incidence rates of prostate cancer (per 100,000) modeled by joinpoint regression analysis according to T-stage, 1996-2013, Zurich and Ticino (Switzerland) in this age group and the largest increase in men under the age of 65 years.
Comparing our data from the Italian-speaking part (Ticino) with data from Italy (which is similar regarding language and culture), a study estimating trends in Italy reported a comparable pattern in incidence rates with around 60/100,000 in the mid-1990s increasing to just under 100/100,000 in 2005 and decreasing thereafter [19] . Similar increasing trends up to 2005 were estimated for different regions in Italy [20] . Data from the Tuscany cancer registry in central Italy showed much higher incidence rates but a similar pattern, with an increase from about 120/100,000 in 1985 to almost 290/100,000 in 2003 (APC = 4.9, 95% CI 4.3, 5.4) and a non-significant decrease thereafter (APC = − 3.9, 95% CI − 15.3, 8.9) [21] .
The changes in prostate cancer incidence rates in Switzerland and other Western countries may be due to changes in prostate cancer screening behavior. In the United States, the US Food and Drug Administration (FDA) approved prostate-specific antigen (PSA) testing in 1986 as a means of monitoring prostate cancer progression, and ideally tumor detection, in conjunction with digital rectal exam (DRE) in men ≥ 50 years of age in 1994 [22] . The situation in Switzerland is different, as in 2011, the Swiss Medical Board advised against PSA testing for prostate cancer in men without symptoms or without a family history based on cost-benefit analyses [23] . However, opportunistic screening is frequent in Switzerland [6] . In an analysis of opportunistic prostate cancer screening use in Switzerland based on the Swiss Health Surveys between 1992 and 2012, the prevalence of ever use among men ≥ 50 years of age increased from 55.3% in 1992 to 70.0% in 2012 [6] . The use of prostate cancer screening in the last 2 years before the respective survey increased from 32.6 to 42.4% [6] . Interestingly, until 2002, participation was higher in the German-speaking part of Switzerland than in the Italian part (1992: 34.4 vs. 26.6% for prostate cancer examination in the last 2 years; 2002: 36.0 vs. 34.4%), but in 2007 and 2012, participation in the German-speaking region was lower (41.4 vs. 46.6% and 40.7 vs. 48.5%, respectively). Thus, the increase in men having had a PSA test in the 2 years preceding the survey was larger in the Italian-than in the German-speaking region of Switzerland, which corresponds to a higher increase of T-stage 1 tumors in Ticino compared to Zurich during the observation period.
Changes by stage
Stage-specific changes in incidence rates have not yet been reported for Switzerland. In a Norwegian study covering 1980-2010, the incidence of prostate cancer increased, in particular in the period 2001 to 2010, i.e., after the introduction of PSA screening [24] . However, the changes differ by age and stage of the disease, such that in men 50-64 and 65-74 years old, the incidence of localized and regional tumors increased whereas that of distant tumors decreased, which is in line with our results. A Swedish study which evaluated cancer registry data between 1996 and 2005 reported a rapid increase in the incidence of T1c tumors, whereas the incidence rates of T1a/T1b and T3/T4 tumors decreased slightly and T2 tumors increased moderately [25] .
In a Dutch study, covering the period 1989-2006, incidence of cT1c tumors increased steadily since its introduction into the TNM system in 1993 [26] . This increase was most strongly seen in men younger than 74 years of age. In men ≥ 75 years of age, the incidence of cT1c cases increased slowly but steadily [26] . In a British study, an increase in prostate cancer incidence was reported between 2000 and 2010 for all age groups except for men > 80 years of age [27] . Both localized and advanced tumor incidence increased, but the latter to a smaller extent.
According to a German study, the proportion of localized tumors increased from 52% in the period 1998-2000 to 68% in 2007-2010, while the proportion of regional and distant tumors decreased from 31 to 23% and from 17 to 10%, respectively, in the same time period [18] . The Munich study reported increases in T-stage 1 and 2 tumors and a decrease in T-stage 4 tumors, which is in line with our results; however, a decrease in T-stage 3 tumors was observed in Munich while in Zurich we observed an increase in these tumors [28] . An Italian study reported a sharp increase in T-stage 1 tumors between the time period 1996-1999 and 2005-2007 from 35 to 59% and a decrease in T-stage 3-4 tumors from 33 to 11% [29] . Another Italian study focusing on three regions reported an increase in localized tumors only in Varese, while these tumors remained stable in Genova and decreased in Modena between the mid-1980s and 1990s [30] . On the other hand, regional tumors increased in all three regions while distant tumors decreased [30] .
Changes by grade
The comparison with other studies regarding grade is not straightforward because most other studies used GS to define grade. The Swedish study observed that the vast majority of cases (55-65%) were those with a GS 5-6. Between 2000 and 2005, the incidence of GS 2-4 tumors decreased, whereas GS 5-6 and GS 7 tumors increased. Only a slight increase was seen for GS 8-10 [25] . In the British analyses, the incidence of GS ≤ 6 tumors decreased, while cases with GS ≥ 7 increased [27] . In the Dutch study [26] , the number of well-differentiated tumors increased until 1995 and then decreased until 2003. A sharp increase was noted thereafter, which is very likely due to the Dutch Cancer Registries switching from the WHO grading system to the GS system around 2004. The Munich study also reported a decrease for GS 2-4 and 5-6 tumors and a large increase in GS 7 tumors, while there was no change in GS 8-10 tumors [28] . One of the Italian studies reported a decrease in GS 2-4 tumors (from 19 to 8%) but an increase in GS 5-6 tumors (from 39 to 52%), while GS 7 tumors increased only slightly and GS 8-10 tumors decreased only slightly [29] .
Except for the Dutch study, most studies including the present study indicate a grade shift towards higher grading [25, 27, 28] . Several studies confirmed a trend towards higher grading such that pathologists have been shown to assign higher grades to the same tumors in the early 2000s compared to the 1990s [31] . In 2005, the GS grading system was revised and adapted by the International Society of Urological Pathology in order to reflect changes in the detection of prostate cancer, including PSA screening, methods of obtaining prostate tissue, immunohistochemistry, etc. [32, 33] . The detailed modifications in the GS system are summarized in Epstein et al. [33] .
Strengths and limitations
Strengths of the study are the relatively large sample size, the relatively long observation period (18 years), and the generally good quality of data collection in these two cantonal Swiss cancer registries as reflected by the low proportion of DCO cases and the high proportion of MV cases. However, T-stage and grade information are incomplete, but the percentage of cases with missing information decreased over time. The availability of either pathological or clinical T-stage increased from 27.8 to 94.9% in Zurich and from 45.2 to 89.0% in Ticino between 1996 and 2013. Grade was missing if only clinical data (and no pathological data) were available. Furthermore, stage and grade were sometimes not entered into the database due to limited resources, especially in earlier years. Finally, the sample size of our study did not allow for stratifying cancer stage into subcategories.
Conclusions
In 1996, the incidence of prostate cancer was higher in Zurich compared to Ticino, but due to a steeper increase in Ticino, the difference was smaller in 2013. Furthermore, the overall trends were similar in both cantons with an increase in the early phase of the observed period and a decrease in the later phase. Incidence increased until 2002 in Zurich and until 2007 in Ticino and decreased thereafter. The time lag in Ticino may be correlated with the different use of opportunistic screening. The stratified analyses did not reveal systematic differences between the two cantons, except for a different T-stage distribution with a higher proportion of T-stage 1 cancer cases in Zurich than in Ticino, which may also reflect the different opportunistic screening patterns.
Further analyses including other Swiss regions and information regarding lifestyle and screening patterns may help to understand the different magnitude in incidence rates.
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